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CONSTITUTION: About 0.005~0.5g/lthiourea or deriv. of thiourea such as aryl thiourea is 
added into an aq. sulfuric acid contg. about 20~100g/l sulfuric acid, and with a steel 
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electricity conduction time. Immediately after this without washing by water, the steel 
material is electroplated with a copper sulfate plating bath similar to that by known 
methods. The thiourea or its deriv. electrostatically charges to © in the pickling bath, 
sticks and coats the surface of the steel material electrically in the electrolytic pickling 
stage, prevents replacement plating reaction in the electroplating stage and improves the 
adhesive strength of the copper plating layer considerably. 
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SPECIFICATION 

1. TITLE OF THE INVENTION 
35 COPPER PLATING METHOD 
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2. CLAIMS 

A copper plating method for forming a copper plating layer 
on a steel base material, comprising 

a first step of electrolytic pickling a steel material 
5 to be plated in a sulfuric acid aqueous solution containing 
thiourea or a thiourea derivative, the steel material being the 
cathode, and 

a second step of electroplating the steel material in a 
copper sulfate bath. 

10 

3. DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a copper plating method, 
especially an improved version of a method for forming a copper 
plating layer with excellent adhesive property on the surface 

15 of a steel base material by using a copper sulfate bath. 

Conventionally, in order to form a copper plating layer 
with excellent adhesive property by using a copper sulfate bath, 
it has been indispensable to perform strike-plating in a copper 
cyanide bath prior to the copper sulfate electroplating. This 

20 process, however, problematically causes pollution due to the 
waste liquid containing cyanides. It has therefore been 
desired to establish^ copper plating method in which a cyanide 
is not used, and many researches have been conducted to achieve 
this goal. 

25 Most of those researches aim to suppress displacement 

plating reaction between the copper and the steel that occurs 
in the electroplating process in the copper sulfate bath so as 
to prevent deterioration of the adhesive property of the copper j 
plating layer. For example, JP-B S37-57 08 has reported that 

30 a copper plating layer with excellent adhesive property can be 
obtained by preliminary processing a material to be plated in 
a pickling bath containing an pickling inhibitor and then 
electroplating the material in a copper sulfate bath. Moreover, 
JP-B 54-432 9 discloses an invention aiming to improve the 

35 adhesive property of a copper plating layer by adding 



3 



allylthiourea as displacement inhibitor in a copper sulfate 
bath so as to suppress displacement plating reaction and then 
performing electroplating. 

The present inventors have conducted various researches 
5 to develop a copper plating method in which a cyanide is not 
used. During the researches, the present inventors conducted 
supplemental examinations of the methods disclosed in the 
foregoing patent publications. As a result, it was found that 
the effects on the adhesive property of the copper plating layer 

10 were not as much as those disclosed in the documents. The 
present inventors pursued the reasons and found the following. 
Namely, according to the methods of the above patent 
publications, the displacement plating reaction is inhibited 
by coating the whole surface of the material to be plated with 

15 a pickling inhibitor or a displacement inhibitor. From a 
microscopic point of view, however, the effect of the coating 
is insufficient for fully inhibiting the displacement plating 
reaction. Therefore, the displacement plating reaction occurs 
in some parts so that the adhesive property of the parts 

20 deteriorates. Based on the findings, the present inventors 
assumed that it was possible to improve the adhesive property 
of the electroplating layer by establishing a preliminary 
processing method in which the whole surface of a material to 
be plated can be fully coated with the foregoing agents, and 

25 accordingly the electroplating may not be inhibited. 

The present invention has been devised as a result of the 
intensive investigations to increase the adhesive property of 
the electroplating layer by improving the preliminary 
processing method based on the foregoing findings. The gist 

30 of the present invention is to firstly carry out electrolytic 
pickling of steel material to be plated in a sulfuric acid 
aqueous solution containing thiourea or a thiourea derivative, 
the steel material being the cathode, and then electroplating 
the steel material in a copper sulfate bath, in the process of 

35 forming a copper plating layer on the steel base material. 
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According to the present invention, thiourea or a 
thiourea derivative is added to an aqueous sulfuric acid 
solution for pickling, and electrolytic pickling of the 
material to be plated is performed with the material as the 
5 cathode. In this process, as the thiourea or the thiourea 
derivative is positively charged in the aqueous sulfuric acid 
solution, the thiourea or the thiourea derivative is 
electrically drawn to the surface of the material to be plated 
which has been washed in the electrolytic pickling process so 

10 as to fully coat the whole surface of the material to be plated. 
Accordingly, when the resulting material to be plated after the 
preliminary processing is subjected to electroplating in a 
copper sulfate bath, the whole surface of the material can be 
electroplated with a copper layer with excellent adhesive 

15 property. In this process, it is preferable to perform the 
electroplating without water-washing after the preliminary 
processing. Meanwhile, use of thiourea or a thiourea 
derivative as a pickling inhibitor or a displacement inhibitor 
is described in the methods of the aforementioned patent 

20 publications. However, according to those methods, the 
inhibitor is added to the pickling bath or the displacement 
copper plating bath so as to inhibit displacement plating 
reaction. Thus, as the adhesion of the agent to the material 
to be plated is based only on physical adhesion, it is necessary 

25 to increase the concentration of the coating agent by adding 
a large amount of thiourea or similar agents . Furthermore, even 
if the concentration is sufficiently increased, a perfect 
coating effect cannot be obtained from a microscopic point of 
view. It may be possible to exemplify another method for 

30 inhibiting displacement plating, in which thiourea or a similar 
agent is added to an electroplating bath so that the surface 
coating effect of the thiourea or the similar agent is achieved 
in the electroplating bath. In this method, however, a 
displacement plating reaction concomitantly occurs at an early 

35 stage of the electroplating, resulting in insufficient adhesive 
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property. On the other hand, according to the method of the 
present invention, the whole surface of the material to be 
plated is electrically coated with thiourea or a similar agent 
at a stage of the pickling process where no copper ions exist. 
5 For this reason, it is possible to achieve sufficient effects 
even with the thiourea or the similar agent having a relatively 
low concentration, and furthermore, the resulting coating 
effect is almost perfect. Furthermore, in order to improve the 
technigues described in the aforementioned patent publications, 

10 it has been reported a method in which: a material to be plated 
is immersed in a pickling bath containing acetylthiourea for 
electrolytic pickling; the material to be plated is then 
subjected to displacement plating in a copper sulfate bath 
containing acetylthiourea; water-washing is performed; and the 

15 resulting material is electroplated in a copper sulfate bath. 
This method, however, has problems; namely, the preliminary 
processing is complicated, and even a slight change in the 
composition of the bath tends to extremely decrease the adhesive 
property of the resulting product. Additionally, since the 

20 acetylthiourea is only physically adhered similarly as the 
above case, the effects of inhibiting displacement plating 
reaction is far inferior to the method according to the present 
invention. 

The thiourea or a thiourea derivative used in the present 
25 invention is positively charged in the pickling bath as 
mentioned earlier and is electrically adhered to the surface 
of the material to be plated to exert the surface coating effect . 
Examples of the thiourea derivative include allylthiourea, 
acetylthiourea, N-ally-N' -alkylthiourea, 

30 N-aralkyl-N' -alkylthiourea, N-cycloalkyl-N' -alkylthiourea, 
N-alkyl-N' -alkylthiourea, 8-alkylthiourea and N-alkyl 
substituted analogs thereof, N-phenyl-N' -oxyethylthiourea, 
N-cyclohexyl-N' -oxyethylthiourea, 
N-phenyl-N' -oxypropylthiourea, 
35 N-phenyl-N' -0- (oxyethoxy) -ethyl thiourea, 
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N-benzyl-N-oxyethylthiourea, and 
N-4-oxyphenyl-N' -oxyethyl thiourea . Examples of the alkyl 
residue in the derivative preferably include lower alkyl groups 
having 6 or less carbons. The examples showing the most 
5 excellent effects among the above examples are thiourea, 
allylthiourea, and acetyl-thiourea. As will be clearly shown 
by Examples mentioned below, in the case where an amine compound, 
which is positively charged in the pickling bath similarly as 
thiourea, is used, the adhesive property of the resulting 

10 electroplating layer is not at all improved. Based on the 
examination results conducted by the present inventors or 
others, it is only thiourea or a thiourea derivative that can 
exert excellent adhesive property- improving effects as 
mentioned earlier. 

15 The concentration of the aqueous sulfuric acid solution 

to be used as an electrolytic pickling bath is not particularly 
limited. The most preferable example is an aqueous sulfuric 
acid solution containing 20 to 100 g of sulfuric acid in one 
liter of the solution, in which thiourea or a thiourea 

20 derivative is contained in an amount of 0.005 to 0.5 g/1, or 
preferably 0.01 to 0.2 g/1. The electrolytic pickling is 
performed by supplying electricity to the steel base material 
as the cathode in the aforementioned pickling bath (preferably 
at a temperature of 10 to 40°C) . In this process, the electric 

25 current density is preferably 10 to 500 A/ dm 2 and the electricity 
supplying time is preferably about 0 . 5 to 10 seconds . The steel 
base material is preferably degreased in advance. When the 
electrolytic pickling is performed in the aforementioned manner, 
the thiourea or the thiourea derivative is adhered to the whole 

30 surface of the steel base material. Thereafter, the material 
may be introduced to a copper sulfate plating bath for 
electroplating. The electroplating may be performed in the 
same manner as conventional methods, for example, by using a 
copper sulfate plating bath containing 170 to 850 g of copper 

35 sulfate per one liter of water and supplying electricity at a 



temperature of 10 to 80°C and with the current density of 5 to 
300 A/ dm 2 . It is possible to add a small amount of the thiourea 
or the thiourea derivative in the copper sulfate plating bath. 

The present invention with the above-outlined structure 
can greatly improve the adhesive property of the copper plating 
layer by employing the electrolytic pickling method in which 
the pickling bath contains thiourea or a thiourea derivative 
and thus displacement plating reaction can be prevented from 
occurring in the electroplating process . Moreover, according 
to the present invention, the preliminary processing for 
preventing displacement plating is simultaneously performed 
during pickling of the copper base material, and thus problems 
such as increase of the number of preliminary processing and 
a longer processing time do not occur. Therefore, the present 
invention is extremely useful and practical. 

Examples of the present invention are described below. 

Example 1 

An electrolytic pickling solution was prepared by adding 
0.1 g/1 of thiourea in an agueous sulfuric acid solution 
containing 60 g/1 of concentrated sulfuric acid. By immersing 
and running a degreased steel wire in the thus obtained 
electrolytic pickling bath, the wire was electrolytic pickled 
with the current density of 800 A/dm 2 for one second. The 
preliminary processed steel wire was introduced into a copper 
sulfate plating bath (CuS0 4 -5H 2 0: 300 g/1, concentrated H 2 S0 4 : 
4 0 g/1) without water washing, and subjected to electroplating 
for two seconds (current density: 200 A/ dm 2 , running speed of 
steel wires: 250 m/min.). The resulting copper-plated steel 
wire was examined for the adhesive property and the amount of 
iron dissolved in the plating bath. By subjecting ten wires 
of the thus obtained copper-plated steel wires to co-winding 
test, the adhesive property of the plated layer was determined 
based on the number of the wires with no peeling in the copper 
plated layer. 
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Additionally, electrolytic pickling and electroplating 
were performed in the same manner as described above, except 
that thiourea was not added in the electrolytic pickling 
solution. The adhesive property and the amount of dissolved 
5 iron (amount of dissolved iron per unit surface area of the 
plated material) were measured. Table 1 shows the results. 



Table 1 



Thiourea 


Adhesive property 


Dissolved iron 

(g/m 2 ) 


Remarks 


Added 


10/10 


0.5 


Example 


Not added 


6/10 


1.7 


Comparative Example 



10 As is evident from Table 1, in the case of the method 

according to the present invention (Example) , the amount of iron 
dissolved in the plating bath was extremely small and there was 
no case in which the adhesive property of the plated layer was 
defective. On the other hand, in the case of Comparative 

15 Example in which thiourea was not added, the amount of iron 
dissolved in the plating bath was large; displacement plating 
reaction occurred; and as much as 40 percent of the plated layer 
had a defect in terms of the adhesive property. 

20 Example 2 

Electrolytic pickling and electroplating were performed 
in the same manner as in Example 1 while using different kinds 
of displacement plating inhibitors, and the adhesive property 
of the copper plating and the amount of iron dissolved in the 
25 electroplating bath were examined. For reference, the effect 
obtained when the displacement plating inhibitor was added in 
the electroplating bath was examined. 
Table 2 shows all the results. 
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Table 2 



Displacement plating inhibitor 


Adhesive 
property 


Dissolved 
Iron 

(g/m 2 ) 


Remarks 


Addition 
target 


Kinds 


Addition 
amount 


Electrolytic 

pickling 

solution 


Thiourea 


0.1 g/1 


10/10 


0 . 0 


Example 


Allyl thiourea 


0.1 g/1 


10/10 


0 . 8 


Acetylthiourea 


0.1 g/1 


10/10 


A A 

0 . 4 


Amine A 


1 cc/1 


0/10 


1 . 1 


Comparative 
Examples 


Amine B 


1 cc/1 


0/10 


1 . 1 


Amine C 


1 cc/1 


U/ 11) 


1 . U 


Electroplating 
solution 


Thiourea 


0.1 g/1 


7/10 


0.7 


Reference 
Examples 


Allyl thiourea 


0.1 g/1 


7/10 


0.6 


Acetylthiourea 


0.1 g/1 


7/10 


1.0 


Amine A 


1 cc/1 


0/10 


1.4 


Amine B 


1 cc/1 


0/10 


1.8 


Amine C 


1 cc/1 


0/10 


1.8 


No addition 


6/10 


1.7 



Amine A: IbitNo. 8-600 (Product name, Sumitomo Chemical Co . , Ltd.) 
Amine B: IbitNo. 600-LA (Product name, Sumitomo Chemical Co . , Ltd.) 
5 AmineC: Ibit No5808-600 (Product name, Sumitomo Chemical Co ., Ltd. ) 



As is evident from Table 2, although assumably the amine 
compounds were positively charged in the electrolytic pickling 
solution, there was no sign of the adhesive property- improving 

10 effects and further the adhesive properties were far inferior 
to that in the case where none of the agents was added. Moreover, 
thiourea or a similar compound showed excellent adhesive 
property- improving effects only when it was added in the 
electrolytic pickling agent, and thus a sufficient effect could 

15 not be obtained when it is added only in the electroplating 
solution. 



Example 3 

Thiourea, allyl thiourea, and acetylthiourea were 



10 



selected as the displacement plating inhibitor, and the 
relations between each of the addition amounts and the adhesive 
property were examined according to the method described in 
Example 1. 

5 Fig. 1 ( for thiourea) , Fig. 2 ( for allyl thiourea) and Fig. 

3 (for acetylthiourea) show the results. 

As is evident from Figs. 1 to 3, in order to achieve 
sufficient adhesive property, it is necessary to add thiourea 
in an amount of not less than 0.08 g/1, or allyl thiourea in an 
10 amount of not less than 0.01 g/1, or acetylthiourea in an amount 
of not less than 0 . 02 g/1 in the electrolytic pickling solution. 

Example 4 

Copper plating was performed in the same manner as in 
15 Example 1, except that 0.1 g/1 of thiourea was added in the 
pickling solution and a simple immersion-pickling method was 
employed without power distribution. The adhesive property of 
the resulting copper-plated steel wire was 8/10, which 
indicates that the resulting product has a 20% chance of having 
20 the adhesive defect. 

Namely, even if a considerable amount of thiourea is added 
in the pickling solution, the goal of the present invention 
cannot be achieved unless the electrolytic pickling method is 
employed. 

25 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 to 3 each illustrates a graph showing relations 
between the adhesive property and the addition amount of 
thiourea, allylthiourea or acetylthiourea. 

30 

Applicant: KOBE STEEL LTD. 

Agent: Patent Attorney, Kazuhisa UEKI 



Fig. 1 



11 




0.1 0.2 

Amount of thiourea c 9/6 ) 



Fig. 2 




Fig. 3 



0.1 0.2 
Amount of allylthiourea 



iq, 




0.1 02 

Amount of acetylthiourea ( t'yg ) 



